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DESCRIPTION 

Digital Signal Encoding Apparatus and Method, Digital Signal Decoding Apparatus 
and Method, and Digital Signal Transmitting System 



Technical Field 

The present invention relates to a digital signal encoding apparatus and method 
for encoding one-bit signals which are modulated in the delta-sigma manner, a digital 
signal decoding apparatus and method for decoding the encoded signals which are 
encoded by the digital signal encoding apparatus and method, and a digital signal 
transmitting system. 



Background Art 

The data format of high speed one-bit audio signals which are modulated in the 
AS manner has an extremely high sampling frequency of 64 times 44.1 kHz and a 
short data word length of one bit, as compared with that of the conventional digital 
audio signals which has a sampling frequency of 44.1 kHz and a data word length of 
16 bits. Thus, by employing the high speed one-bit audio signals, a broad 
transmittable frequency band can be obtained. Even though the data word of the high 
speed one-bit audio signals modulated in the AS manner is one-bit, by employing the 
signals, a high dynamic range can be secured in the audio band which is low against 
the over sampling frequency of 64 times the sampling frequency. These 



— - - - . — — 3L-o.o S-B .1.:;™ -„jo zo-ici?- 

2 

characteristics can be applied to data recording and data transmission maintaining high 
tone quality. 

The AS modulation itself is not a new technique, and conventionally the AS 
modulating circuit is often used in an A/D converter, since the circuit can suitably be 
configured in the form of an IC, and A/D conversion with high accuracy can be 
performed without difficulty. 

The AS-modulated signals or signals which are modulated in the AS manner can 
be restored to original analog signals by causing the AS-modulated signals to pass 
through an analog low-pass filter of simple configuration. 

In transmitting the one-bit AS-modulated audio signals, there arise radiation 
noises due to a transmission line or a transmission circuit, and the generated radiation 
noises break into an analog audio unit and has a bad effect thereon. In order to solve 
the problem, the applicant of the present invention proposed a phase modulating 
method in "Signal Transmitting Apparatus and Method" disclosed in Japanese Laying- 
Open Patent H-9-1 86728, in which transmission signals and signals of inverted phases 
or signals whose phases are opposite to those of the transmission signals are 
alternately transmitted at a double transmission rate. In employing the phase 
modulating method, analog audio signals which are sufficiently low against the 
transmission rate are canceled by those of inverted phases, and the analog audio 
signals are sufficiently suppressed to low level . 

When transmitting the one-bit AS-modulated audio signals, a transmitting 
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method is desired which can transmit music signals as original signals as well as 
information data such as data character. 

When transmitting the music signals and information data added thereto, the 
transmission rate is desired to be integer multiple of that of the music signals due to 
the facility of the processing. Thus, data to be transmitted becomes at least double in 
amount, and finally a quadruple transmission rate is undesirably required since signals 
of inverted phases are added thereto. 

Disclosure of the Invention 

Accordingly, the present invention has an object to overcome the above- 
mentioned drawbacks of the prior art by providing a digital signal encoding apparatus 
and method, a digital signal decoding apparatus and method, and a digital signal 
transmitting system, which can enable transmission of digital signals maintaining high 
signal quality with its transmission rate and audio signal band components suppressed 
in transmitting one-bit All-modulated audio signals and information data added 
thereto. 

The above object can be attained by providing a digital signal encoding 
apparatus for encoding one-bit signals of a plurality of n (ns2) channels, the one-bit 
signals being modulated in the delta-sigma manner including means for phase- 
modulating the one-bit signals as original signals to add data of inverted phases thereto 
and means for adding information data which is related with the one-bit signals to the 
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phase-modulated one-bit signal data having the data of inverted phases added thereto 
by rearranging the data of inverted phases on the basis of a plurality of m (n^m^2) 
channel unit of the n channels. 

According to the present invention, the information data can be added to the 
phase-modulated one-bit signal data with data to be transmitted unchanged in amount 
and with audio signal band components suppressed by rearranging the data of inverted 
phases of the phase-modulated one-bit signal data. 

The digital signal encoding apparatus further includes synchronization signal 
adding means for adding independent synchronization patterns which cannot exist in 
the phase-modulating means or in the information data adding means by arranging a 
region of a plurality of samples other than a region to which the information data is 
added in the phase-modulated one-bit signal data every predetermined period, and 
converting the data of inverted phases in the region in accordance with the phase- 
modulated one-bit signal data. 

Thus, the synchronization patterns which cannot exist in phase-modulated one- 
bit signal data can be added by rearranging the data of inverted phases of the phase- 
modulated one-bit signal data and arranging the synchronization patterns in the phase- 
modulated one -bit signal data periodically. So, the synchronization signals can be self- 
extracted by a digital signal decoding apparatus to be described later, and the original 
signal data and information data can be decoded from the phase-modulated one-bit 
signal data with its data of inverted phases rearranged. 



. . , ..jLXit3JB:SJL zis «:o ;?ioJ!;ei~!i- 

5 

Also the above object can be attained by providing a digital signal encoding 
method for encoding one-bit signals of a plurality of n (ns2) channels, the one-bit 
signals being modulated in the delta-sigma manner, including the steps of phase- 
modulating the one-bit signals as original signals to add data of inverted phases 
thereto, adding information data which is related with the one-bit signals to the phase- 
modulated one-bit signal data having the data of inverted phases added thereto by 
rearranging the data of inverted phases on the basis of a plurality of m (n>m^2) 
channel unit of the n channels, adding independent synchronization patterns which 
cannot exist in the phase-modulating step or in the information data adding step by 
arranging a region of a plurality of samples other than a region to which the 
information data is added in the phase-modulated one-bit signal data every 
predetermined period, and converting the data of inverted phases in the region in 
accordance with the phase-modulated one-bit signal data, and making the numbers of 
one-bit data [l]s and one-bit data [0]s in the predetermined period, which are 
generated when the synchronization patterns are added by the synchronization signal 
adding step, equal to each other by converting the data of inverted phases in a region 
of the predetermined period so that the difference between the numbers of [l]s and 
[0]s becomes zero. 

Also the above object can be attained by providing a digital signal decoding 
apparatus for decoding a one-bit data stream transmitted from a digital signal encoding 
apparatus which phase-modulates one-bit signals as original signals of a plurality of 
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n (n^2) channels to add data of inverted phases thereto, the one-bit signals being 
modulated in the delta-sigma manner, and adds information data which is related with 
the one-bit signals to the phase-modulated one-bit signal data having the data of 
inverted phases added thereto by rearranging the data of inverted phases on the basis 
of a plurality of m (ns m^ 2) channel unit of the n channels to generate the one-bit data 
stream including synchronization signal detecting means for self-extracting 
synchronization signals by detecting independent synchronization patterns which 
cannot exist in the phase-modulating processing or in the information data adding 
processing, and are added by arranging a region of a plurality of samples other than 
a region to which the information data is added in the one-bit data stream every 
predetermined period and converting the data of inverted phases in the region in 
accordance with the phase-modulated one-bit signal data, means for detecting the 
information data by judging the insertion positions of the data of inverted phases in the 
one-bit data stream based on the synchronization signals detected by the 
synchronization signal detecting means, and means forjudging original signal data in 
the one-bit data stream based on the synchronization signals detected by the 
synchronization signal detecting means, and detecting the original signal data from 
leading data of each channel every 2n samples. 

Also the above object can be attained by providing a digital signal decoding 
method for decoding a one-bit data stream transmitted from a digital signal encoding 
apparatus which phase-modulates one-bit signals as original signals of a plurality of 
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n (n^2) channels to add data of inverted phases thereto, the one-bit signals being 
modulated in the delta-sigma manner, and adds information data which is related with 
the one-bit signals to the phase-modulated one-bit signal data having the data of 
inverted phases added thereto by rearranging the data of inverted phases on the basis 
of a plurality of m (n^m^2) channel unit of the n channels to generate the one-bit data 
stream, including the steps of self-extracting synchronization signals by detecting 
independent synchronization patterns which cannot exist in the phase-modulating 
processing or in the information data adding processing and are added by arranging a 
region of a plurality of samples other than a region to which the information data is 
added in the one-bit data stream every predetermined period and converting the data 
of inverted phases in the region in accordance with the phase-modulated one-bit signal 
data, detecting the information data by judging the insertion positions of the data of 
inverted phases in the one-bit data stream transmitted from a digital signal encoding 
apparatus based on the synchronization signals detected by the synchronization signal 
detecting step, and judging original signal data in the one-bit data stream transmitted 
from a digital signal encoding apparatus based on the synchronization signals detected 
by the synchronization signal detecting step and detecting the original signal data from 
leading data of each channel every 2n samples. 

Also the above object can be attained by providing a digital signal transmitting 
system including a digital signal encoding apparatus which phase-modulates one-bit 
signals as original signals of a plurality of n (ns2) channels to add data of inverted 
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phases thereto, the one-bit signals being modulated in the delta-sigma manner, and 
adds information data which is related with the one-bit signals to the phase-modulated 
one-bit signal data having the data of inverted phases added thereto by rearranging the 
data of inverted phases on the basis of a plurality of m (n^m^2) channel unit of the n 
channels to generate a one-bit data stream, and a digital signal decoding apparatus 
which self-extracts synchronization signals by detecting independent synchronization 
patterns included in the one-bit data stream, which cannot exist in the phase- 
modulating processing or in the information data adding processing, and detects the 
information data by judging the insertion positions of the data of inverted phases in the 
one-bit data stream based on the synchronization signals, and judges original signal 
data in the one-bit data stream based on the synchronization signals and detects the 
original signal data from leading data of each channel every 2n samples. 

These objects and other objects, features and advantages of the present 
invention will become more apparent from the following detailed description of the 
preferred embodiments of the present invention. 

Brief Description of the Drawings 

FIG.l shows a block diagram of a digital I/O encoder employing the digital 
signal encoding apparatus according to the present invention. 

FIG. 2 shows a configuration of a serial transmission data frame output from the 
digital I/O encoder shown in FIG.l. 
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FIG. 3 shows a specific example of a SYNC pattern region of the frame shown 
in FIG.2. 

FIG.4 shows a specific example of correction processing in a SYNC correction 
region of the frame shown in FIG.2. 

FIG.5 shows a flow chart for implementing SYNC correction in the SYNC 
correction region of the frame shown in FIG.2. 

FIG.6 shows a specific example of insertion processing in an information data 
insertion region of the frame shown in FIG.2. 

FIG. 7 shows a flow chart for implementing information data insertion shown 
in FIG.6. 

FIG. 8 shows a block diagram of a digital I/O decoder employing the digital 
signal decoding apparatus according to the present invention. 

FIG. 9 shows a flow chart for implementing detection of information data 
inserted by the digital I/O decoder shown in FIG. 8. 

FIG. 10 shows a signal spectrum of modulated serial transmission data. 

Best Mode for Carrying Out the Invention 

The present invention will further be described below concerning the best 
modes with reference to the accompanying drawings. Firstly, the digital signal 
encoding apparatus and method according to the present invention will be described. 
The digital signal encoding apparatus encodes one-bit audio signals of two or L and 
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R channels obtained by performing AS modulation, and is configured as a digital I/O 
encoder 1 shown in FIG.l. 

The digital I/O encoder 1 includes a phase modulator 7 for phase-modulating 
one-bit audio signals, and an information data adding unit 11 for adding information 
data which is related with the one-bit audio signals to phase-modulated one-bit audio 
signal data by rearranging data of inverted phases thereof, or data whose phases are 
opposite to those of one-bit audio signal data which is to be phase-modulated, on the 
basis of two channel unit. 

The digital I/O encoder 1 further includes a scrambler L 4 for scrambling L- 
channel one-bit audio signals A L supplied from an input terminal 2, a scrambler R 5 
for scrambling R-channel one-bit audio signals A R supplied from an input terminal 3, 
and a channel compositor 6 for compositing scrambled data supplied from the 
scrambler L 4 and scrambled data supplied from the scrambler R 5. The phase 
modulator 7 phase-modulates composited data supplied from the channel compositor 
6. 

The digital I/O encoder 1 further includes a SYNC signal adding and correcting 
unit 8 between the phase modulator 7 and the information data adding unit 11. The 
SYNC signal adding and correcting unit 8 receives SYNC timing signals generated at 
and supplied from a SYNC timing generator 9, and inserts SYNC signals into the 
phase-modulated one-bit audio signal data supplied from the phase modulator 7 to 
generate SYNC patterns and correct the SYNC patterns. 
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So as to add the information data to the one-bit audio signal data, after the 
scrambler L 4 scrambles the L-channel one-bit audio signals A L and the scrambler R 
5 scrambles the R-channel one-bit audio signals A R , the channel compositor 6 and 
phase modulator 7 generate the phase-modulated one-bit audio signal data or stereo 
one-bit audio signal data of alternate L and R channels in which phases are inverted 
every one-bit data. 

The information data which is related with the one-bit audio signals is data 
concerning the characteristics of the audio signals etc, that is, auxiliary data of the 
audio signals and copyright protecting information. In the present invention, the 
information data, which is represented by [0]s and [l]s, is added to the one-bit audio 
signal data by rearranging the above-described data of inverted phases. 

FIG. 2 shows a configuration of the phase-modulated one-bit audio signal data 
supplied from the phase modulator 7 via the channel compositor 6, and a serial 
transmission data frame or a one -bit data stream to be transmitted by serial data 
transmission which is output from the digital I/O encoder 1. In this case, two channels 
are used to generate stereo audio signal data. After being scrambled by the scrambler 
L 4 and scrambler R 5, L-channel one-bit audio signal data LI, L2, L3, ••• and R- 
channel one-bit audio signal data Rl, R2, R3 — are then alternatively composited by 
the channel compositor 6 to be a stereo one-bit data stream LI, Rl, L2, R2, L3, R3, 
Then, the stereo one-bit audio signal data is phase-modulated by the phase 
modulator 7 to be a stereo one-bit data stream LI, XL1, Rl, XR1, L2, XL2, R2, XR2, 
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L3, ••• , in which phases are inverted every one-bit data. This stereo one-bit data 
stream is equal to the data stream in which the L-channel one-bit audio signals and R- 
channel one-bit audio signals are phase-modulated, and the phase-modulated data is 
composited alternatively every phase modulation unit. The set of four-bit data "LI, 
XL1, Rl, XR1" is a unit termed one stereo sample, and the set of 64 stereo samples 
is termed one frame. One frame is composed of a phase modulation region (one stereo 
sample), a SYNC pattern region (two stereo samples), a SYNC correction region (13 
stereo samples), and an information data insertion region (48 stereo samples), and data 
of inverted phases in the regions other than the phase modulation region will further 
be converted. 

Next, the SYNC signal adding and correcting unit 8 receives SYNC timing 
signals generated at and supplied from the SYNC timing generator 9, and inserts the 
SYNC patterns into the phase-modulated one-bit audio signal data every one frame 
period, which will be described later,. 

FIG. 3 shows a specific example of the phase modulation region and SYNC 
pattern region of the frame shown in FIG. 2. The first sample or phase modulation 
region has data which is phase-modulated and remains intact, and data of inverted 
phases XLO and XRO is determined by audio signal data LO and RO. As shown, the 
SYNC pattern region has data of two stereo sample units, and is converted to 16 kinds 
of SYNC pattern data corresponding to 16 combinations of four-bit data LI, Rl, L2, 
R2. The 16 kinds of SYNC pattern data is of independent synchronization patterns 
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which cannot exist as the phase-modulated data or the information data. When the 
independent synchronization patterns are detected, the leading portion of the frame 
shown in FIG. 2 can be detected by a digital signal decoding apparatus, which will be 
described later. 

The SYNC signal adding and correcting unit 8 performs SYNC correction for 
the SYNC pattern data, which processing will be described hereinafter. FIG.4 shows 
a specific example of the correction processing in the SYNC correction region of the 
frame shown in FIG.2. In each of the 16 kinds of SYNC pattern data or each eight 
data shown in FIG.3, the number of [0]s is not equal to that of [l]s. It is assumed that 
the number of increased or decreased [l]s is ((the number of [l]s) - (the number of 
[0]s))/2. In this case, the number of increased or decreased [l]s is +2 ~ -2. The 
SYNC correction region is a region for adjusting the numbers of [l]s and [0]s. That 
is, the SYNC correction region is a region in which the numbers of [l]s and [0]s are 
corrected so that the numbers of [l]s and [0]s in the region (60 data in all) combining 
the SYNC pattern region and the SYNC correction region are equal to each other. 

FIG.5 shows a flow chart for implementing an algorithm of the SYNC 
correction which will be performed by the SYNC signal adding and correcting unit 8. 
At first, at step SI, in case it is determined that the sign of the number of increased or 
decreased [l]s is +, next at step S2, it is judged whether two-bit data is [1, 0] or [0, 1] 
from the leading portion of the SYNC patterns. At step S2, in case it is determined 
that the two-bit data is [1, 0] or [0, 1] (YES), next at step S3, - correction is performed 
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in the SYNC correction region. That is, when the signal data is [0], the phase- 
modulated data becomes [0, 1], and by converting the data [0, 1] to [0, 0], the number 
of increased or decreased [l]s decreases by 1. Next at step S4, this processing will be 
performed for the following two-bit data, returning to step SI. On the other hand, at 
step S2, in case it is determined that the two-bit data is not [1, 0] nor [0, 1] (NO), the 
processing proceeds to step S4. 

On the other hand, at step SI, in case it is determined that the sign of the 
number of increased or decreased [l]s is -, next at step S5, it is judged whether 
two-bit data is [1, 0] or [0, 1] from the leading portion of the SYNC patterns. At step 

55, in case it is determined that the two-bit data is [1, 0] or [0, 1] (YES), next at step 

56, + correction is performed in the SYNC correction region. That is, when the signal 
data is [1], the phase-modulated data becomes [1, 0], and by converting the data [1, 
0] to [1, 1], the number of increased or decreased [l]s increases by 1. Next at step S4, 
this processing will be performed for the following two-bit data, returning to step SI. 
On the other hand, at step S5, in case it is determined that the two-bit data is not [1, 
0] nor [0, 1] (NO), the processing proceeds to step S4. 

In the SYNC correction region, this processing is repeatedly performed for each 
phase modulation unit until the number of increased or decreased [l]s is caused to be 
0, that is, until it is determined that the sign of the number of increased or decreased 
[l]s is 0 at step SI. Then, the SYNC correction is terminated. 

The information data adding unit 11 distributes information data I supplied from 
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an input terminal 10 corresponding to the SYNC timing signals supplied from the 
SYNC timing generator 9, and inserts the distributed information data I into the 
information data insertion region of the one-bit data stream supplied from the SYNC 
signal adding and correcting unit 8 to generate serial transmission data D T . 

With reference to FIG.6 and FIG. 7, insertion of information data by the 
information data adding unit 11 will be explained. FIG.6 shows a specific example of 
the insertion processing in the information data insertion region of the frame shown 
in FIG. 2, while FIG. 7 shows a flow chart for implementing an algorithm of the 
information data insertion. 

At first, at step Sll in FIG. 7, it is judged whether four kinds of patterns 
generated by combining the two-bit audio signal data L and R is [L, R] = [0, 0] or [1, 
1] otherwise [L, R] = [0, 1] or [1, 0]. At step Sll, in case it is determined that the L 
and R is [L, R] = [0, 0] or [1, 1], the insertion of information data will not be 
performed and phase-modulated data [L, XL, R, XR] = [0, 1, 0, 1] or [1, 0, 1, 0] which 
remains intact is output. Next at step S12, this processing will be performed for the 
following four-bit data, returning to step Sll. On the other hand, at step Sll, in case 
it is determined that the L and R is [L, R] = [0, 1] or [1, 0], next at step S13, the 
processing proceeds to the next step corresponding to the information data, that is, 
whether the information data is [0] or [1]. That is, in case it is determined that the 
information data is [0], phase-modulated data [L, XL, R, XR] = [0, 1, 1, 0] or [1, 0, 
0, 1] which remains intact is output, proceeding to step S12. On the other hand, in 
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case it is determined that the information data is [1], phase-modulated data [L, XR, R, 
XL] = [0, 0, 1, 1], [1, 1, 0, 0] is output after inverting the data of inverted phases XL 
and XR of the L and R channels, respectively, proceeding to step S12. This processing 
is equal to that of inserting an exclusive OR (XEOR) of the information data and the 
audio signal data to the information data insertion region. That is, even though the 
information data is [0], the [0] is converted to a different data pattern in accordance 
with the original audio signal data. Thus, signals to be transmitted will not be affected 
by a signal spectrum of the information data to be inserted. Even though the insertion 
of information data is performed, the numbers of [l]s and [0]s are not changed. 

Next, the digital signal decoding apparatus and method according to the present 
invention will be described. The digital signal decoding apparatus decodes the serial 
transmission data D x output from the digital I/O encoder 1 shown in FIG.l and 
transmitted via a transmission line 12, and is configured as a digital I/O decoder 20 
shown in FIG. 8. 

The digital I/O decoder 20 includes a SYNC signal detector 22 for self- 
extracting synchronization signals from the serial transmission data D T supplied via 
an input terminal 21, an information data detector 23 for detecting the information data 
from the serial transmission data D x based on the synchronization signals which are 
self-extracted by the SYNC signal detector 22, and a signal data detector 24 for 
detecting audio signal data from the serial transmission data D T based on the 
synchronization signals similarly. 
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The digital I/O decoder 20 further includes an error detector 25 for detecting 
error contained in the serial transmission data D x by judging whether the number of 
[l]s in one frame thereof is equal to that of [0]s or not, a mask circuit 26 for 
preventing mis-detection of the SYNC signals at the SYNC signal detector 22, a 
descrambler L 28 for descrambling scrambled L-channel audio signal data contained 
in the audio signal data detected by the signal data detector 24, a descrambler R 29 for 
descrambling scrambled R-channel audio signal data contained in the same audio 
signal data, an error processor L 30, and an error processor R 31. 

That is, in the digital I/O decoder 20, the serial transmission data D x transmitted 
via the transmission line 12 is supplied to the SYNC signal detector 22, information 
data detector 23, signal data detector 24, and error detector 25. 

The SYNC signal detector 22 detects the SYNC patterns shown in FIG. 3 from 
the serial transmission data D T to generate SYNC signals for specifying the frame 
period. After detecting the SYNC signals, the SYNC correction region is masked by 
the mask circuit 26 so as to prevent mis-detection of the SYNC signals. 

The information data detector 23 receives SYNC signals from the SYNC signal 
detector 22 and detects information data from the leading portion of the information 
data insertion region of the serial transmission data D T to the end of the frame by 
performing a processing, which will be explained with reference to FIG. 9. Then, 
detected information data is output as information data I from an output terminal 27 
after all the information data is detected. 
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FIG. 9 shows a flow chart for implementing an algorithm for detecting the 
information data I inserted by the digital I/O encoder 1 by employing the information 
data detector 23. At first, data is read out every four-bit data (one stereo sample) from 
the leading portion of the information data insertion region. Next, at step S21, it is 
judged whether the reading out position is the end of the frame or not. That is, in case 
it is determined that the reading out position is not the end of the frame (No), next at 
step S22, the processing proceeds to the next steps corresponding to the read out 
four-bit data. That is, in case the read out four-bit data is [0, 0, 1, 1] or [1, 1, 0, 0], 
next at step S23, it is determined that the information data is [1]. On the other hand, 
in case the read out four-bit data is [0, 1, 1, 0] or [1, 0, 0, 1], next at step S24, it is 
determined that the information data is [0]. On the other hand, in case the read out 
four-bit data is [0, 1, 0, 1] or [1, 0, 1, 0], next at step S25, it is determined that there 
is no information data. 

After the step S23, step S24, or step S25 is over, the processing proceeds to step 
S26, at which the following four-bit data will be read out, returning to step S21. This 
processing will be repeated until the end of the frame is detected. 

Since the audio signal data is supplied every other data, the signal data detector 
24 can detect the audio signal data by only picking up data of the serial transmission 
data D x every other data from the leading portion of each of the frames thereof which 
is determined by the SYNC signals detected by the SYNC signal detector 22. The L- 
channel audio signal data is separated from the R-channel audio signal data by 
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distributing alternatively the detected audio signal data every other data. Then, the L- 
channel audio signal data and R-channel audio signal data is descrambled by the 
descrambler L 28 and descrambler R 29, respectively, and is supplied to the error 
processor L 30 and error processor R 31, respectively, and then is output as L-channel 
one-bit audio signals A L and R-channel one-bit audio signals A R from an output 
terminal 33 and an output terminal 34, respectively. 

The error detector 25 receives the SYNC signals from the SYNC signal detector 
22, and judges whether the number of [l]s in one frame of the serial transmission data 
D x is equal to that of [0]s or not. In case the numbers are not equal to each other, the 
error detector 25 determines that error is generated in the serial transmission data D T 
when the serial transmission data D x is transmitted via the transmission line 12, and 
controls the error processor L 30 and error processor R 31 to mute the audio signal 
data. Furthermore, the error detector 25 examines the number of the same data ranged 
in succession, and mutes the audio signal data in case the number of the same data 
ranged in succession is seven or more, determining that there is generated error due 
to breaking of the transmission line etc. 

The determination that the error is generated in the serial transmission data D T 
during the transmission via the transmission line 12 is based on the processing that the 
numbers of [l]s and [0]s in one frame of the serial transmission data D T are so 
converted as to be equal to each other. That is, the digital I/O encoder 1 has the 
function of automatic parity. Furthermore, since the number of the same data which 
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can be ranged in succession is determined in advance, detection of error due to 
breaking of the transmission line is not difficult. In the present invention, six 
successive data of the same data, that is, six [l]s or six [0]s at most can be ranged in 
succession in the SYNC pattern region. 

FIG. 10 shows a signal spectrum of modulated serial transmission data. In 
FIG. 10, "A" shows the case in which audio signal data is scrambled randomly, while 
"B" shows the case in which audio signal data is modulated in accordance with the 
modulating method according to the present invention and the SYNC patterns and 
information data varying every 1 msec period is inserted thereto. As compared with 
the case "A" in which the audio signal data is scrambled randomly, as shown in the 
case "B" employing the modulating method according to the present invention, the 
signal spectrum can be suppressed to low level in the audio band, while generation of 
a signal spectrum peculiar to the information data to be inserted can also be 
suppressed. 

Furthermore, a digital signal transmitting system can be configured by 
employing the digital I/O encoder 1 shown in FIG.l and the digital I/O decoder 20 
shown in FIG. 8. 

Industrial Applicability 

As in the above, the present invention can implement transmission of digital 
signals having added there to information data maintaining high signal quality with its 
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data to be transmitted doubled in amount and with audio signal band components 
suppressed by rearranging data of inverted phases of phase-modulated one-bit signal 
data. 

Since synchronization patterns which cannot exist in phase-modulated one-bit 
signal data can be added, synchronization signals can be self-extracted, thereby 
transmission line for transmitting the synchronization signals is not required. 

Since the information data and synchronization patterns are added to the phase- 
modulated one-bit signal data by rearranging the data of inverted phases thereof, 
original signal data exist every constant samples consecutively in one-bit data stream, 
thereby the one-bit data stream can be decoded by performing simple sequential 
processing without affecting decoded original signals. 

Furthermore, since the numbers of [l]s and [0]s in one frame of the serial 
transmission data are so converted as to be equal to each other, the digital I/O encoder 
has the function of automatic parity. 

Furthermore, since the number of the same data which can be ranged in 
succession is determined in advance, detection of error due to breaking of the 
transmission line is not difficult. 

Furthermore, since the information data is randomized and added to the phase- 
modulated one-bit signal data, generation of a signal spectrum peculiar to the 
information data can be suppressed. 



